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Clinical digit span forwards and backwards. 6 Self-reported Global Self Evaluation of Memory (GSE-My). 7 Reorientation 30 min after each ECT treatment. 8 Clinical Anxiety Scale (CAS). 9 Clinical Global Impression (CGI). 10 19-item Brief Psychiatric Rating Scale (BPRS).
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Quick Inventory of Depressive Symptomatology -Self Report (QIDS-SR).
12
EuroQol 3 level version (EQ-5D-3L Health Policy. 1990, 16: 199-208 . 
Statistical analysis plan (clinical outcomes)

Brief description of the trial
The trial aims to determine whether ketamine improves cognitive outcomes after ECT. The main hypothesis is that ketamine, compared with saline, treatment will reduce ECT-induced cognitive impairments in anterograde verbal memory after the mid-course of acute ECT treatment. The main secondary hypotheses are ketamine, compared with saline, treatment will reduce ECT-induced cognitive impairments in autobiographical memory and verbal fluency after the mid-course of acute ECT treatment. The subsidiary hypotheses are that ketamine, compared with saline, treatment will reduce ECT-induced cognitive impairments at the end of acute treatment with ECT, and speed the improvement in symptoms of depression.
Study design
Randomised, placebo-controlled, parallel study with blind assessment
Trial treatments
ECT treatments are scheduled twice weekly. In a 1:1 ratio subjects will receive either intravenous ketamine 0.5mg/kg or placebo as part of the anaesthetic each time ECT is administered. The goal will be to treat patients to remission (standard Montgomery Asberg Depression Rating Scale, MADRS ≤10) in accordance with NICE guidelines.
Randomisation procedure
Patients will be randomised in a 1:1 ratio to ketamine or saline following registration and before the first ECT using permuted block randomisation (varying blocks randomly from 4 to 8), stratified by inclusion by Trust for those not undergoing MR imaging, and by scanner site (Manchester or Newcastle) for those who are receiving MR imaging. The randomisation code will be generated by the Christie CTU and provided to the local pharmacies for drug preparation when a patient is recruited. For safety reasons the anaesthetist and anaesthetic team administering the anaesthetic for ECT will not be blind, and will be aware of the randomisation by being able to identify the study drug at the time of ECT in the packaging provided by pharmacy. Once allocated, the patient will continue to receive the same experimental treatment during the study.
Baseline data
The information collected at baseline includes demographic and clinical data. The full list of baseline characteristics, including the neuropsychological tests and the efficacy ratings, is given in Section 2.2. Baseline neuropsychological and efficacy assessments will be set to missing if they are after the date/time of the first ECT. Missing baseline assessment data will not be imputed.
On-study assessments
Two ECT sessions are scheduled for each week and one to three days after every second ECT the subject should receive the efficacy rating assessments. After the fourth ECT (or if strictly necessary, after 3 or 5 ECT sessions), neuropsychological tests are performed. This is called the mid-course ECT neuropsychological assessment and constitutes the primary outcome time point.
While receiving acute ECT efficacy assessments will be carried out on a weekly basis. After the final acute ECT the efficacy and neuropsychological assessments will be performed +1day to +5 days after the final ECT, considered as the end ECT assessment.
Approximately four weeks (ranging from 3-5 weeks) after the end of acute ECT, the first follow-up visit will be performed, collecting efficacy and neuropsychological test data. Note, a subject could be on continuation ECT at this time. These assessments will then be repeated at 16 weeks (ranging from 12-20 weeks) after the end of acute ECT.
Neuropsychological outcome measures
Primary outcome measure: 
Efficacy outcome measures
Main outcome measure
Montgomery-Åsberg Depression Rating Scale (MADRS) standard, i.e., total including 4a and 5a and omitting 4b and 5b (10 items)
Secondary outcome measures
 MADRS atypical, i.e., total including 4b and 5b (10 items as a and b versions are exclusive)  Clinical Anxiety Scale (CAS) Total items 1-6; Total items 1-7 (which includes panic items)
 modified BPRS (including question 19 on elevated mood) Psychosis items from modified BPRS (sum of qs 3, 4, 7, 8, 11, 12, 15, 16) Mania items from modified BPRS (sum of qs 8, 10, 17, 19)  Remission (MADRS standard ≤10)  Number of ECT treatments to achieve remission  Response (≥ 50% decrease in standard MADRS from baseline)
 Clinical Global Impression -Severity (CGI-S)  Clinical Global Impression -Improvement CGI-I)  Quick Inventory of Depressive Symptomatology (QIDS-SR) (Self Report)  From end ECT to follow up assessments: Proportion significantly worsening (MADRS increase of ≥4 points + CGI-S increase of ≥1 point to CGI-S ≥3 compared with end ECT assessment.
 EuroQol (EQ-5D)
Sample size and power calculations
Initial calculation: The study is designed to detect a standardised effect size (ES) of 053 between the ketamine treatment group and the placebo group in the primary outcome variable, HVLT delayed recall, after 4 ECT sessions. A sample size of 76 assessable patients per treatment group provides 90% power to detect this ES at a 5% significance level. Assuming 95% of patients can be assessed after 4 ECTs, this requires a total of 80 patients to be randomly assigned to each treatment group, or a total of 160. If only 85% of the 160 patients can be assessed then this gives 87% power to detect an ES of 053.
The three main cognitive interdependent measures are HVLT delayed recall, COWAT category fluency and AMI-SF. Based on a total of 76 assessable patients per group, and using a Bonferroni correction for the three outcomes, this gives 81% power to detect a standardised ES of 053 for all 3 outcomes assuming independence.
Revised power calculation September 2014: 90 patients (45 per treatment arm) gives 81% power to detect an ES of 06 for HVLT delayed recall. Depending on dropouts this will require between 90 (if 0% dropout) and 100 (if 10% dropout) patients to be recruited to achieve this at primary outcome.
Data description Recruitment and representativeness of recruited patients
Consort chart to be added in here.
Baseline comparability of randomised groups
Patients in the two treatment groups will be described separately with respect to site, gender, age, ethnicity, marital status, occupation status, number of years in full-time education, highest academic qualification, family History of mental health, smoking and alcohol consumption. In addition, episode type, mood disorder type, co-morbid psychiatric disorders, degree of treatment resistance, age at onset of first mood episode or depression, number of prior depressive episodes, number of prior manic/hypomanic episodes, previous ECT therapy and inpatient / outpatient status will be summarised along with current physical co-morbidities (including whether due to cancer or congenital). Current psychiatric medication will be summarised. Handedness (mixed, left or right + score ratio), MMSE, and WTAR will also be summarised.
Numbers (with percentages) for binary, categorical variables and ordered categories will be presented. Means, standard deviations, and minimums and maximums for continuous variables will be presented.
Consistent with CONSORT guidance, there will be no tests of statistical significance or confidence intervals for differences between the randomised groups on any baseline variable.
All baseline neuropsychological and efficacy scales will be summarised assuming they are continuous variables (except for GSE-MY question 1 which is categorical), by treatment group. Summary statistics will be provided for each neuropsychological component captured on the CRF.
Treatment allocation questionnaire and treatment received
At the mid-course and end ECT treatment assessment the subject, ECT consultant/PI and RA are each asked which treatment they think the patient was allocated to and how certain they are about treatment allocation by choosing from one of four choices: pure guess, slight suspicion, moderately certain or very certain They also give the reason for their choice. The responses at the two time points will be tabulated by treatment arm.
A summary of how much treatment (total number of acute ECT sessions) received will be presented by treatment arm.
Treatment and trial discontinuation
The reasons for treatment discontinuation and study discontinuation / completion will be tabulated by treatment arm.
Assignment of neuropsychological assessments
As described in Section 1.6, the standard procedure is to perform two ECTs in the first week, a further 2 in the second week and then undertake the first neuropsychological assessment which is denoted as the mid-course ECT assessment which is the primary endpoint time. The Appendix illustrates rules for handling the ECT and neuropsychological data.
Neuropsychological and efficacy descriptives
The neuropsychological scales will be summarised for baseline, mid-course, end ECT and the two followup periods.
Efficacy scales will be summarised at baseline and then for each week while on acute treatment by arm. In addition the end ECT efficacy measure plus the two follow-up visits will be summarised.
Loss to follow-up
Selected baseline characteristics of subjects providing outcome measures after the mid-ECT session and those with missing data will be compared using a logistic regression model. Similarly, separate logistic regression models will be used to investigate patterns of failure to provide outcome measures after the final ECT and the two follow-up times, using both baseline characteristics and intermediate outcomes of treatment allocation (number of ECTs received and measures of both cognitive deficits and severity of depression). These analyses will be used to generate time-dependent inverse probability weights to evaluate the sensitivity of the formal analyses of outcomes to missing data (see below).
Formal analyses
The analyses comparing the ketamine and placebo arm will be conducted applying a modified intention to treat (ITT) approach. To be included in the modified ITT analyses a subject must have had at least 1 ECT (regardless of the quality).
If the degree of non-adherence to the ECT regime is substantial, and if failure to provide outcome data is associated with non-adherence, then the primary ITT analysis will be supplemented by estimation of the Complier-Average Causal Effect (CACE) of treatment using methods described in Dunn et al. (2005) .
Differences in cognitive impairment
Cross-sectional analysis of covariance (ANCOVA) models (allowing for stratifying variables, age, sex, baseline degree of treatment resistance, electrode placement (bilateral or unilateral) and baseline values of the particular outcome being evaluated (if appropriate) will be used to evaluate the effects of treatment allocation on the neurocognitive test scores. If the subject withdraws from treatment or treatment ends after 3-5 sessions, the subsequent NP assessment will be assigned as "mid-ECT" with assignment to "end-ECT" dependent on reasons for discontinuing treatment as described in Appendix 1. If subjects are not able to be included due to lack of data inverse probability weighting adjustments will be used to assess the sensitivity of the findings to missing data (see above). All analyses will involve the use of robust standard errors and associated confidence intervals (allowing for non-normality and constraints in the ranges of some of the cognitive outcomes).
The main inference will be based on treatment effect for the HVLT cognitive assessment completed at the mid-course assessment. Statistical analysis of this outcome at the mid-course assessment will use a 5% two-sided significance level. Evaluation of treatment effects at the end of ECT and follow-up times will be regarded as secondary and the two-sided significance level for all other statistical tests will be 5%.
Differences in severity of depression
The MADRS weekly data will be analysed using a random effects (random intercepts and slopes) ANCOVA model with time (in weeks) from first ECT as a quantitative explanatory variable. The baseline variables will be the same as those for cognitive assessment. An interaction term between time and treatment allocation will also be included to assess the treatment effect. All analyses will use robust standard errors.
Note, if an end ECT efficacy measure is available then this will be assigned to a given week, yielding the last measure while on acute ECT used in the random effects analyses.
The CAS and QIDS-SR will be analysed using the same random effect modelling approach.
The binary outcomes will be analysed using longitudinal logistic regression.
Differences in number of ECT sessions provided
The number of ECT treatments to achieve remission will be analysed using a Poisson/negative binomial model for count data.
Exploratory analyses of end-ECT cognitive performance
If average cognitive impairment is less in the ketamine arm and also there have been fewer ECT sessions needed for remission in this arm this raises the question "Is impairment less in the ketamine arm because the participants have been exposed to fewer sessions of ECT (i.e. it is more effective), or is ketamine protective within each ECT session (or both)?" A simple pragmatic approach will be to stratify by the number of sessions received and to compare average cognitive performance across treatment arms within strata (testing whether there might be a dose-response effect). However here, we make the assumption that the ECT treatment has not been terminated (partly) because of the cognitive side-effects -which may not be justified -and even if it were, there is still the possibility that the effect of sessions on the difference between arms might be confounded.
ECT Treatment
All pre ECT data collected on the CRF will be summarised.
For each ECT session, means and standard deviations, plus minimums and maximums, will be presented by arm for continuous ECT treatment data i.e anaesthetic dose and units (separately for Propofol, Thiopental, Suxamethonium or other drug) and number of stimuli given. Electrode placement (bilateral vs unilateral) will be tabulated by stimulus number (1-4) by treatment group.
Post-ECT, the proportion of subjects getting 4 or more correct out of a total of 5 orientation questions at 30 and 60 minutes after first breath following ECT will be tabulated. In addition, tables showing the frequency of number correct (0-5) will be presented along with summary statistics for the number of correct items at 30 and at 60 minutes will be presented by arm.
Safety
Pre-ECT blood pressure and pulse will be summarised by treatment arm and also after each ECT treatment.
Adverse Events
To be handled by the research team in the Neuroscience and Psychiatry Unit Appendix to statistical analysis plan: Programmatic rules for handling ECT and neuropsychological (NP) outcome data Note these rules are for the analysis and differ to the procedural specification. a. Ideally the baseline NP assessment should be ≤ the randomisation date but must be before the subjects first ECT. The assessment standard operating procedure E1 (SOPE1) states that the baseline NP assessment should be -2weeks to -1day preECT1. For analysis all baseline assessments will be included unless there is an indication that the clinical condition has markedly changed before ECT1 (in practice this has been assessed prospectively and if the clinical condition has changed the RAs re-do the baseline). b. The first, and priority, step is to establish whether there is a valid primary outcome ("mid-ECT") NP assessment during the acute course of ECT. To do this the number of acute course ECTs prior to the first post-baseline NP assessment will be calculated. If the subject has had 3-5 prior ECTs then this NP assessment is assigned as the "mid-ECT" assessment, regardless of missed ECT sessions. SOPE1 states this NP assessment should be between 1 and 3 days after the prior ECT session. For analysis, if the assessment is >5 days then this will be treated as missing (based on cognitive effects of ECT likely to have substantially resolved). A sensitivity analysis will be carried out omitting subjects with assessments at 4 or 5 days (based on Semkovska & McCloughlin 2010). c. The "end-ECT" NP assessment is assigned if the next NP assessment is completed after the end of the ECT acute treatment course and should be between 1 and 5 days after the last ECT treatment date according to SOPE1. For analysis, if the assessment is >12 days this will be treated as missing (based on cognitive effects of ECT likely to have resolved). NB this is longer than for the primary outcome based on the uncertainty as to when cognitive effects from ECT resolve, however a sensitivity analysis will be carried out omitting subjects with assessment at 6-12 days (based on Semkovska & McCloughlin 2010). d. In the unlikely event that acute ECT finishes after 1 or 2 treatments the NP assessment will be assigned as "mid-ECT". In addition, a sensitivity analysis will be performed by omitting these subjects and estimating the treatment effect. e. If the subject withdraws from treatment or treatment ends after 3-5 sessions, the subsequent NP assessment will be assigned as both "mid-ECT" and "end-ECT" when ECT has been stopped due to sufficient clinical response, and as "mid-ECT" only if treatment has stopped for other reasons ("end-ECT" will be treated as missing data in this case). f. The Follow up 1 month after end of ECT acute treatment course (FU1) should be between 3 and 5 weeks after the last ECT of the acute treatment course, and at least 2 weeks after stopping any continuation ECT treatment, according to SOPE1. NB the latter can't be checked programmatically as continuation ECT is not recorded on the database but is recorded by the project manager. For analysis if there is no FU1 then any end ECT assessment >14 days and <6 weeks after last ECT will be assigned as FU1 if there is no FU1 recorded. In the unlikely case that FU1 is also available the assessment closest to 1 month after last ECT will be included and the other will be excluded. g. SOPE1 states that follow up 4 months after end of ECT acute treatment course (FU2) should be between 12 and 20 weeks after the last ECT of the acute treatment course. For analysis any assessment at least 8 weeks after the last ECT will be included. 
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